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Measurements of ionospheric irregularities and scintillation using Global
Navigation Satellite System (GNSS) signals
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v Global Map of lonospheric Irregularities (GMII)

Effects of ionospheric scintillation on GNSS and synthetic aperture radar
(SAR) applications

Effects of space weather on ionospheric irregularities
v Polar regions
v" Sub-auroral and mid-latitude regions
v Low latitudes

Assimilative modeling of large-scale ambient ionospheric variations that
Indicate the dynamical effects of space weather events

v Relationship between small-scale irregularities and large-scale variations
A path to prediction of occurrence of ionospheric irregularities
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ROTI: Measurement of lonospheric Irregularities
Using Geodetic-Type GPS Receivers
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@/ lonospheric Scintillation & Irregularity Indices
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[Beach and Kintner, 1999]
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@/ Global Map of lonospheric Irregularities(GMII)
under Nominal Conditions: Low-Latitude Irregularities
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@/ Irregularities in the Auroral Zone
During Intense Auroral Electrojet Events (17 March 2015)
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Global Map of lonospheric Irregularities

Irregularities Expanded to Middle Latitudes
during the 2015 St. Patrick’s Day Storm

23:10-23:15 UT\ 2015-03-17

90°N

III-_i

30°N

L]
L
L] =

. =
- |

sk . B R
- -
- AT
E [
-
|
L

F

90°s

180° 135°W

o o - = - - - N
[=)] [aa] (=] ~J FeN [#)] oo (o]
ROTI [TECU/min]

=
I

0.2

0.0

May 15, 2019

Xiaoging.PI@JPL.NASA.GOV: Effects of Space Weather on lonospheric Irregularities



e

90°N

Irregularities in the Polar Cap, Auroral Zone, and Low Latitudes
during the 17 March 2015 Storm
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Comparison of Positioning Errors
between Quiet & Perturbed Space Weather Conditions

2015 03-09 FAIR (LATO = 64.977, LONO = 212 50) 2015 03-17 FAIR (LATO = 64.977, LONO = 212 50)
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@/ Contamination of ALOS PALSAR Images
due to lonospheric scintillation

 Examples of geocoded
PALSAR images over a South
America low-latitude region
near (2°S, 290°E) at about
03:19 UT on October 31, 2010.

e The red lines indicate the
orientation of the ambient
geomagnetic field (B,).

» Streaks appear periodically in
the direction L B, and spaced at
~km to sub-kilometer.

o Effects are identified as due to
lonospheric scintillation
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@/ A Survey of Contaminated SAR Images over South America

A survey of SAR
Image artifacts
Period: Oct 2010
« Total images: 2779
« Artifacts seen in

» 14% of images

» 74% of days in the
month

e Only appear in images
. In ascending paths (10
S MBRE R AR PM) at low-latitudes

©)2020Googlel
12 MapLankaele Atlas
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@Correlaﬂon between SAR artifacts and GPS Measured scintillation

GPS
measure-
ments

Day in Oct 2010

Occurrence of ROTI = 0.2 [TECU/min]
12 IGS Stations in South America, 2010
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Days in October 2012 when the
streak artifacts are not seen in
PALSAR images over South
America.
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Images
collected

61 /5 10 51 /8 79 127 20

e The streak artifacts in SAR images
are not seen when scintillation is not
present

« Scintillation occurs exclusively during
evening and night hours at low
latitudes

e (ALOS-2 orbit: 12AM/12PM)
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@/ Interactions between Ring Current and Plasmasphere

e Ring current region expands into Solar Wind
the plasmasphere

Ring Current

 Interactions between the ring Tail Lobe
current & plasmasphere:

v" Auroral oval expansion

v’ Stable auroral red (SAR) arc or the
mid-lat trough shifted to lower
latitudes

v’ Electrodynamical perturbations:
SAPS/SED, E penetration — lat
gradient in E, Kelvin-Helmholtz
instabilities — plasma blobs,
undulations etc.

v MIDLIIS

Plasmasphere

Magnetosheath
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@/ Auroral Oval Expansion & Ring Current Enhancement

time_

oval radius, A

IMAGE data analysis by
[Milan et al. 2009]: IMF B, <0

\ DE-1 Image Data:
136-165 nm passband of

the optical filter
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DMSP Auroral Images

March 17, 2015 DOY:076  Crbit: 27803(DMSPE18) March 17, 2015 DOY:076  Orbit: 27904(DMSPE18) March 18, 2015 DOY:077  Orbit: 27905(DMSPE1E)
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@/ Longitudinal Variability of Low-Latitude Irregularities:
Climatology
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Impact of Space Weather on Low-Latitude Irregularities
Longitudinal Difference
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@ Global Irregularity Activities at Low-Latitudes

GPS Station Distribution
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Space Weather Conditions and
Longitudinal Variations of Low-Latitude Irregularities

e Pacific sector — In
active

« West Asian evening
sector — active; east
Asian post-midnight
sector — active

[T
<
Electric field, m¥/m

« European/African
sector suppressed

AE 2
) « American evening
sector — active
SYM-H £ American sector post-

midnight — active

-sooE . ., 8 8y, By . L B e e

17 March 2015 18 March 2015
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@/ Growth Rate of Plasma Rayleigh-Taylor Instability
and Driving Dynamics

Localized R-T instability growth rate:

YGD = ck X B U, - £ Vp, Vn [Zalesak et al., 1988]
- - - - 1" aleSak et al.,
Gb B? ST %p, t 2, + 3, \ 1
Fluxtube-integrated R-T instability growth rate: Haerendel, 1973:
)'jgo e Haerendel et al., 1992;
TRT = T 5 ’-F Vp - Uf o KF—RT Mendillo et al., 1992;
EP,o + ZJ1-'*,0 Vers Sultan, 1996]

Enhanced Vp (upward plasma drift, or eastward electric field):
— Enhanced (and widened) equatorial ionospheric anomaly (EIA)

Enhanced equatorward wind, or westward E-field:
— Reduced or depleted EIA
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EIA Is Present in the Evening Sector (Pacific)
(Where Irregularities Are Inactive)
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EIA Diminishes in the Evening Sector (Europe/Africa)
(Where Irregularities Are Suppressed)
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EIA Enhances in the Evening Sector (Asia)
(Where Irregularities Are Present)
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EIA Enhances in the Evening Sector (America)
(Where Irregularities Are Present)
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EIA Enhances in the Post-Midnight Sector (America)
(Where Irregularities Are Present)
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A Path to Prediction

Characterizing large-scale ionospheric variations under various space weather
conditions

Understanding their relationship with electrodynamical and thermospheric
dynamical perturbations

Establishing the relationship between large-scale ionospheric variations and
occurrence of small-scale ionospheric irregularities

Predicting the dynamical and large-scale ionospheric disturbances and then
occurrence of small-scale irregularities
Approaches

v GNSS and other ionospheric for small-scale irregularities

v' Electrodynamical and thermospheric measurements for dynamics

v’ Global Assimilative lonospheric Model for ionospheric state and dynamics

v ITM coupled model for dynamics

v Validation

v’ Data driven techniques through machine learning with long-term existing global GNSS data
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@/ Conclusions

 Impact of ionospheric scintillation on GNSS and InSAR applications has been
observed in GNSS positioning applications and INSAR imagery

* Irregularities can be triggered, enhanced, or suppressed under perturbed
space weather conditions in the polar, mid-latitude, or low-latitude regions

 There exist relationships between large-scale ionospheric variations and
occurrence of small-scale ionospheric irregularities, and the relationships can
help identify ambient ionospheric conditions and underline dynamical effects
that trigger, enhance, or suppress ionospheric irregularities

 Characterization of the relationship between large- and small-scale variations
can help understand the mechanisms of irregularity development

 Prediction of ionospheric irregularities and scintillation can benefit from
modeling large-scale variations and observations of small-scale irregularities
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